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This study investigated the sensitivity of visible-near infrared diffuse reflectance spectroscopy (vis-NIR DRS) to detect 
and characterise fresh and weathered crude oil composition and concentration in 5 different soil types collected from 
10 sites located in Bedfordshire, UK. The performance and sensitivity of the vis-NIR DRS was further compared to gas 
chromatography-mass spectrometry (GC-MS) analysis. Soil types included sandy loam, sandy clay loam, clay loam, 
sandy clay and clay. A series of soil mesocosms was then set up where each soil sample collected was spiked with 10 ml 
of Alaskan crude oil and allowed to equilibrate at room temperature for 48 h before running the first vis-NIR DRS 
scanning and collecting the first samples for GC-MS analysis. The mesocosms were incubated for 2 year at room 
temperature in the dark. Soils scanning and GC-MS analysis were carried out at T0, 4, 8, 12, 16, 20 and 24 months. The 
soil scanning was done simultaneously using an AgroSpec spectrometer with a spectral range of 350 to 2200 nm (tec5 
Technology for Spectroscopy, Germany) and Analytical Spectral Device (ASD) spectrometer (ASDI, USA) with a spectral 
range of 305 to 2500 nm to assess and compare the sensitivity and response of the two instruments against GC-MS 
data. Three standardized spectral pre-processing approaches including (1) maximum normalisation, (2) maximum 
normalisation plus first derivative, and (3) maximum normalization plus first derivative plus smoothing were applied on 
the spectral data obtained from tec5 and ASD spectrometers using Unscrambler® version 9.8 (186-200 CAMO software) 
followed by principal component analysis (PCA). The results demonstrated that vis-NIR DRS is a promising tool for 
assessing a range of key soil properties including soil texture, CEC, pH, total C and organic compounds such as 
petroleum hydrocarbons. It further provides an integrative soil contamination assessment and allowed to differentiate 
and discriminate fresh versus weathered/aged contaminated soils. The sensitivity of the two spectral devices tested 
was comparable to those of GCMS and the first standardized spectral pre-processing method where maximum 
normalisation was carried out provided the best performance. Overall, the results demonstrate that vis-NIR DRS is a 
promising tool for rapid site investigation and monitoring without the need of collecting soil samples and lengthy 
hydrocarbon extraction for further analysis. 
